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CHAPTER I

BACKGROUND AND PURPOSE OF THE STUDY

Introduction

Because clinical observation has suggested that pitch discrimi
nation abilities may be related particularly to voice disorders as
well as to auditory perceptual impairments in general, pitch discrimi
nation has been studied extensively in relation to many speech disorders.
It has been reported that voice therapy patients often exhibit
difficulty singing a tune and matching a pitch

(Davis & Boone, 1967),

suggesting a deficit in pitch placement and control.

On the other

hand, individuals with voice disorders have been found both to be
similiar

(Davis & Boone, 1967) and to be inferior

& Schneiderman,

(Eisenson, Kastein

1958) to the normal population in their ability to

discriminate pitch.

It has been suggested that poor pitch discrimina

tion may be a causal factor in the development of voice disorders which
are associated with poor pitch placement; and even in cases where it
may not be of etiological importance, poor pitch placement has been
viewed as a possible maintaining factor in voice disorders
Kastein & Schneiderman, 1958).

(Eisenson,

In any event, the assessment of pitch

discrimination has become a routine part of voice evaluations because
of the assumption that adequate pitch discrimination is necessary for
adequate pitch production

(Andrews & Madeira, 1977; Seashore, 1919).

The ability of children with misarticulations to discriminate
pitch also has been investigated.

It has been shown that subjects with

1
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misarticulations have more difficulty on a pitch discrimination task
than do normal speaking subjects

(Sommers, Meyer & Furlong, 1969).

It has also been found that subjects who perform poorly on a pitch
discrimination task tend to discriminate poorly among spoken phonemes
(Sommers, Meyer & Furlong, 1969).
Educational researchers have found that normal children score
significantly higher on a pitch discrimination task than do learning
disabled children

(Doehring & Rabinovitch, 1969), suggesting that

difficulty in pitch discrimination might be one facet of the auditory
perceptual problem often associated with learning disabilities.
Among musicians, too, research has long focused on pitch discrimi
nation because the ability to discriminate pitch seems to be fundamen
tal to the development of musical skills.

According to Seashore

(1919),

pitch discrimination is a " . . . fundamental capacity in musical
talent, and upon it rest most of the powers of appreciation in music".
Broadly based concerns of the foregoing nature, together with the
more fundamental interests of psychoacousticians and auditory physiolo
gists, have given rise to a wide and diverse body of literature related
to various parameters of pitch discrimination ability.

Review of Related Literature

Magnitude of the Pitch Difference Between Stimuli

Duell and Anderson

(1967) conducted a study to determine how large

an interval between pitches would be required in order for elementary
school age children to make accurate discriminations in a classroom
setting.

The paired stimuli were generated by a pure tone oscillator.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

The standard tone

(presented first) ranged from 290 to 440 Hz, and the

intervals between the standard and the comparison tone

(presented

second) ranged from one-third of a half step to a "major sixth"
(about two-thirds of an octave on the Equal Tempered Musical Scale).
The test stimuli had durations of 0.75 second, with an interstimulus
interval of 0.25 second.

Subjects were asked to identify whether two

tones were the "same" or "different".

The results indicated that 68

percent of the subjects discriminated intervals of a half-step and
larger but four percent did not discriminate differences as large as
a "major sixth".

The accuracy of performance improved from the first

to the third grade.
A study by Wang, Marple and Carlson

(1975) asked 19 college stu

dents to identify a reference tone when presented in a series of test
tones by pressing a button whenever the test tone pitch was the same
as the pitch of the reference tone.

Reference tones were 165, 220,

311 and 466 Hz and were produced by a pure tone generator.

Test

tones were grouped into four levels of difficulty ranging from two to
four scalar whole steps higher or lower than the reference tone, to
a half-step or less from the reference.

The duration of the tones and

of the interstimulus interval was two seconds.

It was found that errors

in discrimination increased as the test stimuli became more similiar
in pitch.
There has been evidence suggesting that there is a differential
ability to discriminate pitch depending on whether low or high fre
quency tones are used as the stimuli
1931).
tones

(Leonard, 1967; Shower S

Biddulph,

In view of this finding, studies have utilized low frequency
(Soderquist & Moore, 1970)

and high frequency tones

(Doehring &
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Rabinovitch, 1969)

as stimuli, while others have utilized both low

and high frequency tones in their studies

(Hermelin & O'Connor,

1971;

Thomas, Dinicola, Elia S Pasierbiak, 1970; Pollack, 1968; Turnbull,
1944).

Duration of the Stimuli

Turnbull

(1944)

investigated the relationship between pitch

discrimination and stimulus duration.

Six adult subjects were pre

sented standard tones, produced by an oscillator, at the frequencies
128, 1024, and 8192 Hz.

Comparison tones were presented which dif

fered in a variable fashion from the standard.
limen

A relative difference

(the smallest distinguishable difference divided by the standard

frequency) was determined for each standard tone, at various compari
son tone durations ranging from a maximum of 0.5 second to the short
est period which permitted measurement of the limen.

The duration

of the standard tone and of the interstimulus interval was 0.5
second.

Subjects were asked to indicate whether the comparison tone

was higher or lower than the standard, and it was found that as the
duration of the comparison tone decreased, the size of the relative
difference limen increased.
Pollack

(1968)

required nine adult subjects to match a 1.0 second

comparison tone to a short tone burst.

These stimuli, produced by

an oscillator, were separated by a silent interval of 0.5 second.

The

tone bursts ranged in frequency from 125 to 8000 Hz, and the duration
of the short tones increased by 100 millisecond steps.

It was found

there was a greater variability across subjects in the accuracy of
frequency matches as the duration of the test tones decreased.
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A study by Hermelin and O'Connor

(1971) investigated the ability

of five year-old children to discriminate between signals with short
and long durations.
tions.

The test material was presented under two condi

In one condition, the duration of the stimuli was held constant

as the pitch varied.

In the second condition, the duration of the

stimuli was varied while the pitch was held constant.

The stimuli

consisted of pure tones at the frequencies 400, 800 and 1200 Hz at
each of the durations 2.0, 4.0 and 6.0 seconds.
interval was 0.5 second.

The interstimulus

Subjects were asked to judge whether pairs

of stimuli were the "same or "different".

It was found that the

children had a greater amount of difficulty discriminating between
different durations than between different pitches.

Task and Concept Complexities

Research also has focused on determining whether the development
of pitch discrimination skills correlates with chronological age.

Al

though pitch discrimination has been reported to improve in children
as a function of age

(Soderquist & Moore, 1970; Doehring & Rabinovitch,

1969; Madsen, Edmonsen & Madsen, 1969), at least one study has not sup
ported this finding (Sommers, Meyer & Furlong, 1969).

One reason for

this discrepancy might be that in some studies the comparison groups
have differed in age by one year or less, while in others they have
differed by five or six years.

The age at which pitch discrimination

has been reported to reach its maximum sensitivity has been variable
(Soderquist & Moore, 1970; Doehring & Rabinovitch, 1969).

The sex of

the subject also has been identified as a factor which might be related
to pitch discrimination abilities, but the findings have been inconsis
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tent

(Haack, 1975; Pedersen & Pedersen, 1970; Madsen, Edmonsen &

Madsen, 1969; Smith, 1914).
It has been doubted, moreover, that the pitch discrimination
tests used with young children have yielded valid measures.
and Madeira

Andrews

(1977) suggest that failure of children eight years and

younger on a pitch discrimination test, which requires them to indi
cate whether the first sound is higher or lower than the second, may
not be related to their ability to discriminate pitch but to their
inability to comprehend the complex verbal instructions and cognitive
relationships which are essential to successful completion of the
task.

Several studies using young children have not controlled for

this variable and it is questioned whether these data reflect the
child's ability to discriminate pitch or use relational terms.
The pitch discrimination tests have involved discriminations with
various levels of difficulty.

Subjects have been required to indicate

whether two tones are the same or different

(Pedersen & Pedersen, 1970),

to indicate whether the second tone is higher or lower than the first
tone

(Farley & Gundrum, 1972; Soderquist & Moore, 1970; Seashore, 1938,

1960) and to identify the tones in a series which are the same as the
test tone
1969).

(Wang, Marple & Carlson, 1975; Madsen, Edmonsen & Madsen,

Studies have used a constant and a roving standard tone.

It

has been found that subjects perform more accurately when a constant
standard is used than when the standard is a roving tone

(Harris, 1952).

Finally, several studies have investigated the effectiveness of
pitch discrimination training.
improves pitch discrimination
Maltzman,

It has been reported both that training
(Soderquist & Moore, 1970; Smiley, 1965;

1964; Eisenson, Kastein & Scheiderman, 1958) and that training
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has only minimal effects
1964)•

(Smith, 1914; Davis & Boone, 1967; Vorce,

Variables such as type and length of training and age and

musical talents of the subjects may account for some of the discre
pancies in the literature.

On the other hand, the ability to dis

criminate pitch has been viewed by some as an innate skill
1935) and, by others, as a learned behavior

(Stanton,

(Collman, 1973; Soderquist

& Moore, 1972; Thomas, Dinicola, Elia & Pasierbiak, 1970; Lundin, 1953).

Summary and Limitations of the Related Literature

Studies investigating the effect of magnitude of interstimulus
pitch difference on the accuracy of discrimination have utilized
normal school age children and adults.

It has been reported consis

tently in these studies that as the pitch difference between the
stimuli increases, the accuracy of performance likewise increases.
Although the studies have been consistent in using pure tone stimuli,
the fundamental frequencies have been so variable

(and in some cases,

so ambiguous), that comparisons among the studies are difficult to
make.
Studies investigating the effect of stimulus duration have
suggested that as the duration decreases, the accuracy of performance
likewise decreases.
adult populations.

This trend has been noted both in child and in
The durations of the stimuli have varied substan

tially, however, and the results of studies with such diverse durations
do not lend themselves to direct and unequivocal comparison.
It is clear that the interpretation and clinical utility of
literature related to pitch discrimination would be enhanced through
the use of standardized test materials.

Although some studies have
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employed the recorded pitch discrimination subtest from Seashore's
original

(1938) or from his revised (1960) "Measure of Musical Talent",

these subtests, directed as they are towards the identification of
relatively refined discrimination skills, may not be entirely appro
priate to broader investigations of pitch discrimination.

In any

event, other researchers have developed test procedures, with varying
degrees of sophistication, to suit specific purposes.

Instruments

such as an oscillator, a piano, and a pitch pipe have been used by
various investigators as sound sources.

The question of whether tests

involving pure and complex tones represent discrimination tasks of
the same level of difficulty has been raised, but has not been answered,
by such studies.
Another source of variability in pitch discrimination studies
has been the manner of presentation of the test instrument.

Both tape

recorded and live presentations have been used, and the reliability
of the latter procedure is questionable.

In addition, the tests have

been administered to individuals in some instances and to groups in
others.

Sound field presentations and earphone presentations have

been employed.

The effect

of such differences is speculative at the

present time.
Although the majority of the research has involved adult popula
tions , child populations also have been utilized, as have both normal
and pathological populations.

Due to the heterogeneous populations

utilized in the studies, and due to the lack of standardized procedures,
it is difficult to compare various results reported or to identify
satisfactory normative data for any well defined population.
One final source of variability in the literature lies in the
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explicitness with which investigators have reported their data.
example, Hermelin and O'Connor

For

(1971) reported that children had

difficulty discriminating pairs of stimuli when they differed in
duration, but they did not report the durations at which discrimina
tions were most difficult.
The need for the development and standardization of a simple
instrument for the clinical assessment of discrimination is evident,
as are the potential research applications of such a tool.

As a

first step toward evolving a reliable pitch discrimination test, the
present study was designed to investigate three relevant parameters
of pitch discrimination testing: 1) the nature of the stimuli

(pure

tone versus human voice), 2) the magnitude of the pitch interval
between the stimuli, and 3) the duration of the test stimuli.

The Purpose of the Study

More specifically, the purpose of the present study was to answer
the following q u e stions:
1)

Does the accuracy with which children recognize

differences in

pitch between two pure tones differ from the accuracy with which
the same pitch differences are recognized in human vowel utterances
2)

Does the accuracy with which children recognize

a difference in

pitch between two stimuli vary as a function of

the duration of

the stimuli?
3)

Does the accuracy with which children recognize
pitch between two stimuli vary as a function of

a difference in
the magnitude of

the pitch interval between the two stimuli?
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CHAPTER II

PROCEDURES AND METHODOLOGIES

Test Materials

Two separate tests of 240 items each were constructed, one
comprised of pure tone stimuli and the other comprised of voice
stimuli.

Each test item consisted of two tones separated by a

500 millisecond period of silence.

In order to minimize the pos

sibility of children perceiving either "same" or "different" as
the desired/correct response, and in order further to preclude
biasing of the scores which might arise as a function of one or the
other such response set, an equal number of "same" and "different"
items were included in each test.

In each case, 21 discrete tones,

ranging in fundamental frequency from 125 Hz to 250 Hz, were utilized.
This range of fundamental frequencies was selected because the major
ity of adult male and female modal fundamental frequencies lie within
or very close to this octave range.
The 21 specific fundamental frequencies used in this study were
evolved in the following fashion.
divided into four equal parts

First, the reference octave was

(in terms of the Equal Tempered Musical

Scale) of three semitones each, by application of the formula:
Nst = 39.84

(log f^ - log f2 )

This process, together with the specified limits, resulted in the
specification of five discrete frequencies:
250 Hz.

125, 149, 177, 210 and

The remaining 16 fundamental frequencies were those representing

10
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stimuli, within the octave limit, which constituted ETMS intervals
of 0.5, 1.0, 3.0 and 6.0 semitones above and below those five discrete
fundamentals.

The fundamentals are shown in Table 1.

Recording of the Pure Tone Stimuli

The pure tones were generated by a pure tone oscillator
Kjaer, Type 1024) and fed through an electronic switch

(Bruel &

(Grason-Stadler,

Model 829-E), set for a five millisecond rise and decay time.

The

output of the electronic switch was connected to a tape recorder
Model TC-645) and monitored visually with an oscilloscope
Packard, Model 130-B).

(Sony,

(Hewlett-

Also a frequency counter (Hewlett-Packard,

Model 521-E) was connected to the output of the pure tone oscillator
to permit a more exact monitoring of the frequency output.
generator

(Techtronics, Type 162) and two pulse generators

A waveform
(Techtronics,

Type 161) were utilized to control the duration of the stimuli.

A

block diagram of the instrumentation is shown in Figure 1.

Recording of the Voice Stimuli

The voice stimuli involved the phonation of the vowel utterance
by an adult male vocal music student.
with a microphone

/&/

He was positioned in a room

(Electrovice, Model 664) and a video monitor, while

a frequency counter

(Hewlett-Packard, Model 521-E) and television

camera w ere located in an adjacent room.

The speaker phonated while

listening through earphones to a reference frequency and watching the
frequency count display on the video monitor.

(See Figure 2, Step A).

The speaker was asked to minimize his vibrato during the produc
tions.

He was given the target number for each frequency and required
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Table 1 . List of the 21 discrete fundamental frequencies comprising
the stimuli of the Pure Tone Test Tape and the Voice Test Tape.______

125 Hz

158 Hz

204 Hz

129 Hz

167 Hz

210 Hz

132 Hz

172 Hz

217 Hz

141 Hz

177 Hz

222 Hz

145 Hz

182 Hz

236 Hz

149 Hz

188 Hz

243 Hz

153 Hz

198 Hz

250 Hz
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ELECTRONIC
SWITCH

PURE TONE
OSCILLATOR

TAPE
RECORDER

TIMING
SYSTEM

OSCILLOSCOPE

FREQUENCY
COUNTER

Figure 1 . Block diagram of the instrumentation utilized in the
taping of pure tone stimuli.
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STEP A

FREQUENCY
COUNTER

TAPE
RECORDER

TV
MONITOR

TAPE
RECORDER

STEP B

TAPE
RECORDER

ELECTRONIC
SWITCH

TAPE
RECORDER

TIMING
SYSTEM

Figure 2 . Block diagram of instrumentation utilized in the taping
of voice stimuli.
Step A refers to taping of 21 fundamental
frequencies and Step B refers to dubbing of test tape.
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to sustain his fundamental frequency within 1.5 Hz of the target
frequency.

A 10 second sample of each phonation was recorded on a

tape recorder

(Ampex, Model AG-350).

A waveform generator
generators

(Techtronics, Type 162) and two pulse

(Techtronics, Type 161) were used to gate the required

durations from each 10 second sample onto a second audio tape.

For

this purpose, a segment of the mid-portion of each utterance was
identified in terms of the following criteria:

1) no variation of

fundamental frequency greater than 1.5 Hz, 2) no perceptible variation
in loudness or vocal quality.

The test tape was made by re-recording

the timed and dubbed vowel utterances from one tape recorder
Model TC-650) onto another tape recorder (Sony, Model TC-645)
predetermined but randomized fashion described below.

(Sony,
in the

(See Figure 2,

Step B)

Construction of the Test Items
If each of the 21 tones were paired with each of the other 20,
there would be a total of 116 possible combinations, representing
intervals of 0.5, 1.0, 3.0 and 6.0 semitones.

From these 116 possible

combinations, 40 were selected for inclusion in the test tapes.
the selection of these 40 test items
constraints were exercised:

In

(See Appendix A) the following

none of the 21 tones occurred as the

standard tone of more than two items at any duration; the number
of items in which the standard tone was higher than the comparison
tone equaled the number of items in which the standard tone was lower
than the comparison tone; and equal numbers of items in which the tones
of an item differed by 0.5, 1.0, 3.0 and 6.0 semitones were included.
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The tones of the 40 items, recorded at each of the three durations,
comprised 120 o f the 240 items on each test tape.
The remaining 120 test items on each test tape involved pairs
in w h ich both tones were the same fundamental frequency, 40 at each
of the three durations.

Nineteen of the 21 fundamental frequencies

were paired with themselves twice and two

(randomly designated)

frequencies were paired only once.

The Suojects

Subjects Involved in Test Administration

The original pool of subjects was composed of 62 first grade
elementary school children, from three classrooms, in the Comstock,
Michigan School System.

The subjects from one of the classrooms were

randomly placed in one or another of the remaining two classrooms, so
that the test could be administered to two groups of subjects.

Subjects Involved in Data Analysis

From the original pool of subjects, 46 first graders, 17 boys
and 29 girls, who completed the test items and satisfied the following
criteria, were included in the data analysis.

No included child was

known to have any history of hearing impairment, and each included
child h a d successfully passed an audiometric screening test (250 Hz
at 15 dB, 500 Hz at 15 dB and 1,000 Hz at 10 d B ) , administered by the
Kalamazoo County Health Department, within one month preceding the
present study.

No child had been enrolled in or was considered to

be a candidate for special education or for speech therapy, although
three' children had participated in "speech improvement" activities as
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kindergarteners.

In addition, each child had passed a screening test

to verify comprehension of the concept of same and different.
Appendix B)

(See

The children ranged in age from 5 years-10 months to 6

years-10 months, with a mean age of 6 years-4 months.
The 46 subjects were divided into two groups.

Group I (randomly

designated to receive the pure tone stimuli) was comprised of 10
boys and 13 girls.

The children ranged in age from 5 years-11

months to 6 years-10 months, with a mean age of 6 years-5 months.
Group II (randomly designated to receive the voice stimuli) was com
prised of 7 boys and 16 girls.

The children ranged in age from 5

years-10 months to 6 years-9 months, with a mean age of 6 years-4
months.

Test Administration

Each test was administered in a group setting on four consecutive
days in the following manner:

Group

I

Group II

(Puretone)

Session 1
60 stimuli

Session 2
60 stimuli

Session 3
60 stimuli

Session 4
60 stimuli

(Voice)

60 stimuli

60 stimuli

60 stimuli

60 stimuli

The tape recorder was placed in the front of the classroom and
the tape was played at a loudness level which was easily audible in
all locations of the room.

Each subject had a response sheet

(See

Appendix C ) , pencil and marker.
Ten responses were recorded per response sheet, after which the
tape recorder was stopped and another response sheet was distributed.
The subjects were given a five minute break from the testing upon com
pletion of one-half of the items.

The testing lasted for approximately

one-half hour per testing session.
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The following instructions were given by the investigator:
"You are going to hear two sounds.
Sometimes the two
sounds will be the same and sometimes they will be
different.
If you think the two sounds are the same,
circle the two circles on your sheet; and if you think
they are different, circle the triangle and circle on
your sheet.
Please guess if you do not know whether
the two sounds are the same or different.
Use your
markers to keep your place on the answer sheet.
Listen
very carefully and please do not talk during the test
ing.
Let's try some to see if you have any questions."
Two sample items, one in which both stimuli were the same, and
one in which the two stimuli differed by six semitones, were presented
at the beginning of Session One for both test groups.

After insuring

that each child responded to each sample item in the prescribed fashion,
the investigator proceeded to play the test tape in the manner indi
cated above.

Scoring Procedures

In order to equate the number of scorable responses at each of
the five intervals

(0.5, 1.0, 3.0 and 6.0 semitones)

"same" items were randomly eliminated from each test.

90 of the 120
Prom the 240

test items administered to the subjects, only 150 items were
included in the data analysis.

For scoring purposes the 150 items

of each test tape were further divided into 16 subtests, one repre
senting the performance on the total 150 items and 15 representing
the performance on groupings of 10 i t ems, representing each of the
five in t e r v a l s (0,0.5, 1.0, 3.0 and 6.0 semitones) at each of the three
durations.

These 150 scored items involved 120 items, 40 of each

duration, which required a response o f "different” and 30, 10 of each
duration, which required a response of "same".
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The subject's responses were transferred from the original response
sheet to an Optical Scanning Form from which the results were then
mechanically scored and tabulated.
The subject's numbers of correct responses were calculated for
each of the 16 subtests.

Data Analysis

The scores were treated statistically by a Split Plot Factorial
Analysis of Variance, with one between group factor and two repeated
factors, as described by Kirk

(1968).

In Kirk's notation this is

designated as a SPF p-qr design.
In this study, the between group factor was the type of stimulus,
i.e., pure tone

(Al) and voice

durations of the stimuli
paired stimuli

(C).

(A2).

The two repeated factors were

(B) and magnitude of the pitch interval between

The B factor had three levels, one corresponding

to each of the three durations: Bl = 0.5 second, B2 = 1.0 second and
B3 = 2.0 seconds.

The C factor had five levels, one corresponding to

each of the five interstimulus pitch intervals: Cl = 0, C2 = 0.5
semitone, C3 = 1.0 semitone, C4 = 3.0 semitones and C5 = 6.0 semitones.
The basic format of this design is illustrated below.

Cl

C2

C3

B3

B2

Bl
C4

C5

Cl

C2

C3

C4

C5

Cl

C2

C3

t
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C4

C5

The Tukey Test

(Kirk, 1968) was utilized to identify statistically

significant differences between pairs of means in the case of those
main effects which yielded statistically significant F-ratios.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission

CHAPTER III

RESULTS AND DISCUSSION

Performance Observations

The number of correct responses made by each subject was deter
mined for the 150 scored items on each test tape and for each of eight
relevant item groupings within each tape; i.e., for each of the three
different durations

(50 items per duration), and for each of the five

different interstimulus pitch intervals

(30 items per interval}.

Tables 2 through 4 present the ranges, the means and the standard
deviations observed in these instances.
Visual examination of these data suggests, in general, that
little difference in performance occurred between the children admin
istered the Pure Tone Test
Voice Test

(mean, 110.83).

(mean, 107.87) and those administered the
In the case of both types of stimuli,

the group mean performance levels tended to be higher on those item
groupings with longer stimulus durations than on those with the
shortest duration.
With reference to the interstimulus pitch interval, items in
which paired tones were of the same pitch were identified correctly
as "same" with about the same accuracy as those items where stimuli
separated by 6.0 semitones were identified correctly as "different".
However, considering just "different" items

(interstimulus pitch

intervals of 0.5, 1.0, 3.0 and 6.0 semitones), the mean performance

21
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Table 2 . Ranges, means, and standard deviations observed in sub
jects' responses to the Pure Tone Test Tape and the Voice Test Tape.

Test Tape

Range

Mean

Standard Deviation

Pure Tone

74-130

107.87

52.13

Voice

75-139

110.83

45.55
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Table 3. Ranges, means and standard deviations observed at three
durations on the Pure Tone Test Tape and the Voice Test Tape.

Duration in Seconds
Test Tape

Pure Tone

Voice

Statistic

0.5

1.0

2.0

Range

22-43

21-46

28-45

Mean

34.08

36.18

37.60

S. D.

31.59

29.17

28.98

Range

26-46

23-46

23-47

Mean

35.17

37.73

37.92

S. D.

28.86

24.59

24.82
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Table 4 . Ranges, means and standard deviations observed at five
interstimulus pitch intervals on the Pure Tone Test Tape and the
Voice Test Tape.

Magnitude of Interstimulus
Pitch Interval in Semitones
Test Tape

Pure Tone

Voice

Statistic

0

0.5

1.0

3.0

6.0

Range

19-30

2-17

11-30

11-30

17-30

Mean

27.60

9.52

20.61

24.00

26.13

S. D.

8.78

14.07

18.81

16.85

14.08

Range

20-30

5-21

8-29

13-30

19-30

Mean

27.78

13.56

19.65

23.52

26.31

9.56

14.46

19.50

16.23

11.33

S. D.
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level tended to decrease as the magnitude of the interstimulus pitch
interval decreased.

It is of interest to note that the single instance

in which children appear to have performed differently with the pure
tone stimuli than with the voice stimuli is at the 0.5 semitone inter
stimulus pitch interval.

On this item sub-grouping the scores were

somewhat higher on the Voice Test.

Statistical Treatment of Data

As noted in the preceding chapter, a Split Plot Factorial Analysis
of Variance

(Kirk, 1968) was employed to analyze the pitch discrimi

nation performance data.

In utilizing this design, the data were

treated with reference to subjects'

individual discrimination scores

observed for each of the 15 component "sub-tests" of each test tape;
i.e., with reference to individual scores for each of the three dura
tions at each of the five interstimulus pitch intervals.

Each of these

15 component "sub-tests" was comprised of ten test items.
The r a n g e s , means and standard deviations for each combination of
duration and interstimulus pitch interval are shown in Table 5 for
the Pure Tone Test and in Table 6 for the Voice Test.

As can be seen

in Tables 5 and 6, the absolute values of the means derived from the
individual scores ranged from a low of 2.78

(for the 0.5 second dura

tion at the interstimulus pitch interval of 0.5 semitone on the Pure
Tone Test) to a high of 9.52

(for the 0.5 second duration at the inter

stimulus pitch interval of "zero" on the Voice Te s t ) .
The results of the Split Plot Factorial Analysis of Variance are
summarized in Table 7.
ABC interaction

As can be seen in Table 7, the F of 2.365 for

(stimulus type by stimulus duration by magnitude of
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Table 5 . Ranges, means and standard deviations obtained at five
interstimulus pitch intervals and three stimulus durations on the
Pure Tone Test Tape, (n = 23)

Magnitude of Interstimulus
Pitch Interval in Semitones
Duration

0.5
Second

1.0
Second

2.0
Seconds

Statistic

0

0.5

1.0

3.0

6.0

Range

6-10

0-5

3-10

4-10

3-10

Mean

9.39

2.78

5.96

7.78

8.17

S. D.

4.63

7.48

11.09

9.95

9.56

Range

5-10

0-6

3-10

4-10

4-10

Mean

8.78

3.35

7.22

8.00

8.83

S. D.

5.65

9.12

11.04

8.60

8.08

Range

7-10

1-6

4-10

3-10

6-10

Mean

9.43

3.39

7.43

8.22

9.13

S. D.

4.20

7.31

9.04

10.44

5.53

Mean
Overall
Durations
Combined

9.20

3.17

6.87

8.00

8.71
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Table 6 . Ranges, means and standard deviations obtained at five
interstimulus pitch intervals and three stimulus durations on the
Voice Test Tape.
(n = 23)

Pitch Interval in Semitones
Duration

0.5
Second

1.0
Second

2.0
Se conds

Statistic

0

0.5

1.0

3.0

6.0

Range

7-10

1-7

1-9

5-10

6-10

Mean

9.52

4.04

5.26

7.48

8.87

S. D.

3.97

7.41

11.11

10.38

5.35

Range

5-10

1-7

3-10

3-10

6-10

Mean

9.04

4.91

7.04

7.78

8.96

S. D.

7.28

8.48

9.54

9.59

5.74

Range

6-10

1-7

4-10

4-10

4-10

Mean

9.22

4.61

7.35

8.26

8.48

S. D.

4.46

8.57

10.35

7.51

7.98

Mean
Overall
Durations
Combined

9.26

4.52

6.55

7.54

8.77
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Table 7.

Summary of analysis of variance

df

Between Subjects

45

676.451

1

6.712

7.715

44

669.738

15.222

644

4122.589

B (duration)

2

48.630

24.785

AB

2

1.863

0.939

88

343.496

3.903

C (interstimulus
pitch interval)

4

2546.518

636.629

AC

4

60.590

15.147

176

714.439

4.400

BC

8

69.500

8.687

ABC

8

14.149

1.769

BC x subjects
within groups

352

263.414

0.748

Total

689

4799.040

A

(stimulus type)

Subjects within groups
Within subjects

B x subjects
within groups

C x subjects
within groups

F

0.44

6.35*
0.24

144.688**
3.45**

11.613***
2. 365

00
00

s jt

o
CO

F

.01

(da = 2,

** p

.01

(df = 4,-150) = 3.44

.01

(df = 8,,200) = 2.60

11

*

ss

ms

Source of Variation
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the interstiimilus pitch interval) was not significant at the one percent
level of confidence.
The obtained F value of 3.45 for AC interaction did reach signi
ficance at the one percent level of confidence.

As shown in Figure 3,

however, the pitch discrimination scores for the Pure Tone Test and
the Voice Test were essentially identical at each of the interstimulus
pitch intervals 0, 1.0, 3.0 and 6.0 semitones; and the rank ordering
of scores among all intervals is the same in both tests.

The Test

of Simple Effects of A at the 0.5 semitone interstimulus pitch
interval yielded a F value of 9.55 which exceeds the critical value
of 6.85

(df = 1,153) required for significance at the one percent level

of confidence, and the AC interaction effect appears to be related
just to the higher discrimination scores at this interstimulus pitch
interval on the Voice Test.
Because the scores at the other intervals were essentially identi
cal, the ordinality of scores was preserved across all pitch intervals,
the absolute value of the score difference between tests at the 0.5
semitone interval is small, and because the F value obtained for the
main effects of A was extremely small
(0.24) for AB interaction

(F = 0.44), as was the F value

(stimulus type by stimulus duration), the

scores on the Pure Tone Test and the Voice Test were combined for pur
poses of further discussion.

In brief, there appeared to be little

practical advantage to be gained by discussing the two types of stimuli
separately.
The F of 15.35 for BC interaction

(stimulus duration by magni

tude of the interstimulus pitch interval) was significant at the one
percent level of confidence.

As illustrated in Figure 4 (where B
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effects at each level of C are shown separately for the two test
tapes), pitch discrimination scores on the Pure Tone Test and the
Voice Test were somewhat disordinal across the five interstimulus
pitch intervals.

The BC interaction may be related in some degree

to this inconsistent ranking among the scores; however, the Test
of Simple Effects of duration at the interstimulus pitch interval of
0.5 and 1.0 semitone yielded F values of 9.74 and 166.77, respectively.
Both values exceed the F value of 4.71

(df = 2, 238) required for

statistical significance at the one percent level of confidence.
As shown in Table 7, the F of 6.35, for main effects of stimulus
duration was significant at the one percent level of confidence.

In

order to determine the specific stimulus durations that contributed
to the differences in pitch discrimination scores a Tukey Test
1968) was utilized.
(Bl) and 2.0

As shown in Table 8, the means for durations 0.5

(B3) were significantly different at the one percent level

of confidence.

No significant difference was found between the means

for durations 0.5
2.0

(Kirk,

(Bl) and 1.0

(B2) or between durations 1.0

(B2) and

(B3).
In considering the main and the simple effects of duration, then,

it is important to bear in mind the probability that only in the case
of the two smallest interstimulus pitch intervals were scores much
affected by stimulus duration.

In other words, the apparent overall

enhancement of scores obtained under the longer duration condition
may not reflect a true difference when interstimulus pitch differences
of 1.0, 3.0 or 6.0 semitones are involved or when two stimuli of the
same pitch are paired.
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Table 8 .

Summary of results of Tukey Tests

Contrast

Error Term

T

Bl - B2

0.465

0.130

3.577

Bl - B3

0.626

0.130

4.815*

B2 - B3

0.161

0.130

1.239

Cl - C2

5.384

0.179

30.078**

Cl - C3

2.522

0.179

14.090**

Cl - C4

1.312

0.179

7.330**

Cl - C5

0.493

0.179

2.754

C2 - C3

2.862

0.179

15.890**

C2 - C4

4.072

0.179

22.749**

C2 - C5

4.891

0.179

27.324**

C3 - C4

1.210

0.179

6.760**

C3 - C5

2.029

0.179

11.335**

C4 - C5

0.819

0.179

4.575**

* T
** T

Mean Difference

.01 (df = 3,60) = 4.28
.01 (df = 5,120) = 4.71
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The obtained F of 144.69 for C
of the interstimulus pitch interval)
value of 3.44

(main effects of the magnitude
exceeded by far the critical F

(df = 4, 150) required for significance at the one

percent level of confidence.

This result indicates that a significant

difference was found for the pitch discrimination scores in relation
to the magnitude of the interstimulus pitch interval.
As shown in Table 8, the means between the following interstimulus
pitch intervals were found to differ significantly from each other
through application of the Tukey Test: 0 (Cl) and 0.5
0 (Cl) and 1.0
and 1.0

(C3) semitones; 0 (Cl) and 3.0

(C3) semitones; 0.5

6.0

(C5) semitones; 1.0

6.0

(C5) semitones.

(C2) and 3.0

(C3) and 3.0

(C2) semitone;

(C4) semitones; 0.5

(C2)

(C4) semitones; 0.5

(C2) and

(C4) semitones; and 1.0

(C3) and

No significant difference was found between the

means for 0 (Cl) and 6.0

(C5) semitones and for 3.0

(C4) and 6.0

(C5)

semitones.
The above results can be summarized as follows:

the pitch dis

crimination scores on the Pure Tone Test and the Voice Test increased
as the magnitude of the interstimulus pitch interval increased from
0.5 to 3.0 semitones.

There was no significant difference in the

scores for the discrimination of stimuli separated by 3.0 and 6.0
semitones.

Furthermore, the scores for the identification of paired

stimuli with the same fundamental frequency were approximately the
same as the scores for the identification of paired stimuli separated
by 6.0 semitones.

In comparison, the scores for the identification

of paired stimuli with the same fundamental frequency were greater
than those discrimination scores for paired stimuli separated by 0.5,
1.0 and 3.0 semitones.
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CHAPTER IV

SUMMARY AND CONCLUSIONS

The purpose of this investigation was to study the effect of the
nature of the stimuli, the duration of the stimuli and the magnitude
of the interstimulus pitch interval on the ability of young children
to recognize pitch differences between paired auditory stimuli.
The test materials were a Pure Tone Test Tape and a Voice Test
Tape.

Each tape was comprised of 30 scored "same" items, in which

the paired stimuli were the same fundamental frequency; and 120
"different" items, in which the paired stimuli differed by one or
another of four discrete pitch intervals.

The stimuli ranged in

fundamental frequency from 125 to 250 Hz and were recorded at three
durations ranging from 0.5 to 2.0 seconds.
The subjects were 46 normal first grade children, one-half of
whom responded to the Pure Tone Test Tape and one-half to the Voice
Test Tape.

The subjects were asked to indicate whether the paired

stimuli in each item were the same or different.

The number of cor

rect responses tallied for each subject constituted the basic data
of the investigation.
A Split Plot Factorial Analysis of Variance was used to treat the
data statistically.

The results indicate that while there was no

overall difference between discriminations on the Pure Tone Test and
the Voice Test, there was a somewhat better performance on the dis
crimination of paired stimuli separated by intervals of one-half
35
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semitone on the Voice Test than on the Pure Tone Test.

The scores

for

both test tapes were higher at the longer durations than at the
shortest duration, but this appeared to be true basically just at
the two smallest interstimulus pitch differences.

Scores increased,

in the case of both types of stimulus, as the interstimulus pitch
interval increased in size, but this effect was not demonstrated to
be significant in the difference between the two largest interstimulus
pitch intervals

(3.0 and 6.0 semitones).

In addition, items with

paired stimuli of the same fundamental frequency were identified
correctly as "same" with about the same accuracy as

those items with

paired stimuli separated by 6.0 semitones were identified as "differ
ent" .

Conclusions

The duration of the auditory stimulus appears to be an important
parameter to consider when assessing pitch discrimination skills in
young children, particularly when the pitch interval between paired
stimuli is small.

It is possible, for example, that individuals with

"true" pitch discrimination inabilities may be differentiated more
clearly from individuals with marginal abilities through stimuli with
short durations than through the use of stimuli with longer durations.
It also might be noted, in this regard, that the shortest duration
utilized in this study may represent a relatively closer approximation
to the duration of auditory stimuli typically encountered in a child's
verbal environment.

For this reason, too, the use of the shorter test

stimuli may provide potentially more relevant assessment data.

On the

other hand, stimuli with longer durations might be more appropriately
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utilized in the early stages of pitch discrimination training and be
shortened in later stages of the training when the discrimination
abilities have shown improvement.
One of the more provocative findings of this study was that there
appears to be a somewhat higher accuracy in the discrimination of
voice stimuli than in the discrimination of pure tone stimuli when
paired stimuli are separated by pitch differences as small as onehalf semitone.

The implication of this finding is that these two

types of stimuli may be useful for obtaining different types of infor
mation.

Where the investigator's interest lies in the assessment of

only relatively gross discrimination skills, either type of stimulus
may be equally informative.

If, on the other hand, information is

sought about finer discrimination skills, it is possible that the
utilization

of voice stimuli

(which are more familiar and which may

convey additional cues) might yield more precise differentiations among
the performance levels of young children.
Furthermore, the results of this study imply that pitch dis
criminations of one-half octave are performed with a relatively high
level of accuracy and consequently may not need to be included in a
test instrument.
Based upon the observation of children's attending behavior dur
ing this study, this investigator has concluded also that one of the
most important concerns in pitch discrimination testing should be the
length of time required for the assessment.

When testing of this

nature is to be conducted with young children, it is suggested that
they not be required to attend to the task for any longer than
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15 minutes per testing session.

In longer administration periods,

the reliability and validity of the results may be weakened due to
the inattentiveness of the subjects.
Finally, the nature of this task appears to have been mastered
with relative ease by children in the first grade.

Such testing

may be equally appropriate at even younger age levels with children
who are able to demonstrate comprehension of the "same/different"
concept.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Appendix A
Fundamental Frequencies of Stimuli
Comprising the 120 Test Items

39
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The discrete fundamental frequencies of each of the stimuli, paired
for each test item, are grouped below under column headings

which in

dicate the ETS pitch interval represented by the respective test items.
These 40 items, recorded at the three durations

(0.5, 1.0 and 2.0 se

conds) comprised the 120 "different" test items on each test tape.
0.5 semitone

1.0 semitone

129 Hz

125 Hz

141 Hz

132 H j

145

141

158

149

153

149

167

158

188

182

198

188

222

217

222

210

125

129

132

141

149

153

145

153

182

188

172

182

210

217

204

217

2 36

243

236

250

3.0 semitones

6.0 semitones

149 Hz

125 Hz

188 Hz

132

158

132

198

141

172

145

217

153

217

182

243

172

243

204

250

177

129

153

125

177

153

182

132

188

177

210

141

198

188

222

167

236

210

250

177

250
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Appendix B
Screening Test of the Same/Different Concept
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A screening test was administered to subjects in both test groups
to verify the comprehension of the same/different concept.

The items

were comprised of five visual stimuli, which involved the discrimina
tion between circles and triangles presented in a random fashion, and
five auditory stimuli, produced by the investigator, which involved
the discrimination between the sounds "moo" and "oink".
a response sheet like the one shown in Appendix C .

Subjects used

The screening test

was comprised of the following 10 items:

Screening Test

O
0
O
O
o

O
▲
O

6.

moo

oink

7.

moo

moo

8.

oink

moo

9.

moo

oink

10.

moo

moo

1.
2.
3.
4.
5.

▲
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Name
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

OO
0 O
O o
O o
O 0
O o
O o
O0
OO
OO

Ao
A O
AO
AO
A o
A O
AO
AO
A o
A O
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